Alytes, 2003, 21 (1-2): 3-22.

Orientation and migration distances
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Habitat loss and modification have plaved a significant role in the
decline of amphibian populations and species. Loss of wetlands, which are
used as breeding sites for many amphibians, has contributed to the decline.
The protection of small, isolated wetlands and core areas of associated
uplands is one way in which population declines in cerfain species can
slowed or of i
most amphibian species rom their breoding sitos are unlown, Using drift
fences and pitfall traps, I studied migration distance and orientation of
striped newts (Notophthalmus persiriatus) at a breeding pond in northern

Florida, USA. Newts entered (immiy and exited ion) the pond
basin in a nonrandom fashion but no obvious effects of upland halmal were
apparent. Patterns of and i differed

tween sexes, life-hi: stages, and migration events. i tended

to exit and enter the pond basin within the same quadrant, sometimes
leaving and returning at the same point. Newts moved hundreds of meters
into the sandhill uplands surrounding the pond. 1 found an inverse rela-
tionship between the proportion of newts migrating and distance from the
pond. Nonetheless, I estimated that at least 16 % of individuals breeding at
the pond migrated in excess of 500 m from the pond. Thus, a core of
protected upland with a radius of approximately 800 m from the pond
would be needed to preserve the area used by the vast majority of
individuals that breed at the pond. These data underscore the need to study
upland habitat requirements for ampl ns; findings for one taxon {e.g.

may not be i to others (e.g., salamandrids).
Without such data, designating terrestrial core habitat to conserve aquatic-
breeding amphibians will be difficult or impossible. However, without better
protection of small, isolated wetlands, arguments to preserve surrounding
uplands are irrelevant.

INTRODUCTION

Durning the past two decades. amphiblan declines have recenved considerable attention
{BARINAGA. 1990, WakE etal . 1991, WaKIL 1991, Al ForDp & RicHARDS. 1999, HotL Attan et

I Presentadress US Geologieal Survey. Flonda Integrated Science Centers, 7920 NW 71 Street, Gameswille,

FL 3265,

. USA. <steve johnson usgs g n>
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al., 2000). Although pathogens have been implicated in several die-off events (BIRGER et al.,
1998; Lips, 1998, 1999), there 1s a consensus among herpetologists that the global dechne 1s a
result of multiple factors (ALFORD & RICHARDS, 1999) Habitat modification and destruction
have been identified as significant factors contnibuting to the global dechne (Dobp, 1997;
ALFORD & RICHARDS, 1999, DUTLLMAN, 1999; SeviLitscH, 2000) Although they do not
attract the media attention that mass mortality or deformed amphibians receive, habitat
modification and loss are msidious that must be add: d if ibians are to
persist. The effects of habitat changes on amphibian populations are of particular concern in
areas that are characterized by a high density of small, isolated wetlands (DFiss e al., 1996;
HECNAR & MCLOSKEY, 1996; KNUTSON et al., 1999; BABRITT & TANNER, 2000; SEMLITSCH,
2000; SNoDGRASS et al., 2000; RusseLL et al, 2002). In these areas (e.g., the Southeastern
Coastal Plain of North America), amphibian diversity 1s high (Dueriman & SweeT, 1999)
and many species rely solely on small, isolated wetlands as breeding sites {Dopp, 1997;
SEMLITSCH & BobIE, 1998, BABRITT & TANNER, 2000).

Despite their size (t.¢, less than a few hectares), small, isolated wetlands are of tremen-
dous biological importance, particularly for amphibians. They play a vital role tn amphibian
metapopulation dynamucs and therefore are essential 1n maintaiming viable populations of
amphibians at a landscape scale (SFMLITSCH & BODIE, 1998, SEMLITSCH, 2000; SNODGRASS et
al, 2000} Inaddition to amphibians, numerous other vertebrates and a suite of invertebrate
species depend on small, 1solated wetlands (BROWN et al., 1990; MorFr & Franz, 1988;
BURKF & GiBBONS, 1995; HART & NEwMaN, 1995; SemyitscH & Bobie, 1998, RUSsELL et al.,
2002).

Preserving a wetland alone may not result in protection of many of the organisms that
depend upon the wetland Many amphibians have complex life cycles in which they require
ponds to breed but spend the majority of their hives in surrounding upland habitats (Dopp,
1997; Dopp & CaDE, 1998, SeMLITSCH, 1998; STMLITSCH & JPNSLN, 2001), If suflicient upland
habitat sur ding 1solated breeding-ponds is not preserved, amphibans with complex hife
cycles are not likely to persist at a Jocal scale Therefore, at some point the loss of uplands may
lead to extirpation of some amphibian populations because of disruption of metapopulation
dynamics (SEMLITSCH & BODIE, 1998, SeMLITSCH, 2000; MaRSH & TRENHAM, 2001}, even when
the ponds themselves are preserved,

One strategy to curtail the loss of amphibians associated with habitat alteration around
small, 1solated wetlands is to preserve “core habitat™ and “buffer zones™ consisting of
protected uplands surrounding the wetlands (StmLiTscH & JEnstN, 2001) These zones
provide habitat for retreats and foraging for those species with complex hife cycles, many of
which are now constdered common, Without preservation of appropriate upland habitat,
even common species will decline.

Little 13 known, however, about the extent of upland “core habitat™ required by pond-
breeding amphibtans. Donp (1996) summarized the literature on upland movemients of
amphibians 1 North America and found that this distances amphibians nugrate from
breeding sites are poorly known, From this summary and a review by SiMiitsca (1998) on
mugration distances of ambystomatid salamanders, tt1s apparent that many amphibians move
considerable distances from breeding ponds. Unfortunately. migration distances are onty
avatlable for a few spectes and usually are based on a single or a few individuals. Clearly there
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is need for data on mugration distances from breeding sites for most North American
amphibians. These data are essential to justify establishing adequate “core habitat” of
uplands around amphibian breeding ponds.

Icollected data on onentanion and mugration distances for striped newts (Notophthalmus
perstriatus) at a breeding pond and in the surrounding uplands in north-central Florida.
Striped newts breed exclusively m small, 1solated wetlands that lack fish. They have a complex
life cycle and individuals spend much of their Iives in uplands surrounding breeding ponds
(CHRISTMAN & MEANS, 1992; DopD & LACLAIRE, 1995, JoHNSON, 2001, 2002, Dopp et al., in
press) Striped newts are restricted to xeric uplands (i e , sandhill and scrub communitiesy and
are endemic to southern Georgia and northern Florida, USA (fig. 1). The species has declined
throughout 1ts range (Dobp & LACLAIRE, 1995; FRaNz & Swuth, 1999) and its biological
status is under review by the US Fish and Wildlife Service (L. LaClaire, pers. comm.). The
objectives of my study were (1) to determine orientation patterns of striped newts into and
away from a breeding pond, and (2} io deternune migration distances of individuals into the
surrounding upland habitat.

MATERIALS AND METHODS

STUDY SITE

The study was conducted on the Katharine Ordway Preserve-Swisher Memorial Sanct-
uary, Putnam Co., Flonda, USA (29°41°N, 82°00'W; fig. I). EISENBERG & Franz (1995),
LACLAIRE (1995) and Dopp (1996) provided descriptions of the preserve and its habitats
Duta were collected from 7 October 1996 to 11 September 1998 at One Shot Pond (OSP). OSP
is a small, isolated pond with a vanable hydroperiod (hydroperiod refers to the number of
days a pond holds water between periods when it is dry) and 1s located in xeric sandhill
uplands dommated by longleal pine (Pumus palustres), turkey oak (Quercus luevis) and
wiregrass (Aristida beyrichigna). Small stands of planted slash pine (Pus efhorin) are Jocated
north and southwest of the pond basm (fig 2) Several water bodies are located near OSP
(fig. 2}, These water bodies are 1solated from one another and enly reccive water from ramfall
and ground water seepage, their hydroperiods are dictated by fluctuations in the water table.
Fox Pond held water from 26 November 1997 untl the end of the study, whereas OSP, Berry
Pond, Lake McCloud and the Anderson Cue Lakes held water throughout the entire study
period. During the study, striped newts were only present in OSP and Fox Pond. However,
only 32 newts {16 adults and [6 juvemles) were captured at Fox Pond (S A Johnson,
unpublished data) McCloud and the Anderson Cue lakes support predatory fishes, and
siriped newts do not breed there. No striped newts were captured during periodic sampling
throughout the study period m Berry Pond Because there were no other breeding ponds
within several kilometers of OSP. I assumed that striped newts caught in upland fences
around OSP criginated from within OSP.
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Geographic range of striped newts, which arc endemic to Georgia and Flonda, USA Note the
huatus {?) between the western and castern portions of the range This arca Iikely represents a true gap
USA

1 the species distobution, rather than an artifact of inadequate survey effort The black dot (v)
shows the location of study arca, Katharine Ordway Preserve, Putnam Co.., north-central Flonda.

ORIENTATION AT ONE SHOT POND

1 enaircled OSP with 4 190-m drift fence made of galvanized metal flashing that was
buried ¢a. 15 ¢m below the ground, with ca 35 cm extendmg above the ground Thirty-eight
patlall traps (19-1 plastic buckets) were buried flush with the ground  Pitfall traps were placed
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animals that recently bred These newis are referred to as paedomorphs. Transformed newts
without swollen vents (1.¢., immatures) are referred to as efts.

I obtained a compass orientation for each pair of pitfall traps surrounding OSP. To do
this, T stood in the center of the pond and took a bearing on each pair of traps at the drift
fence. Following the methods of Dobp & Capk (1998), 1 used Rao's spacing test (Rao, 1976;
BATSCHELET, 1981) to determine if captures were distributed uniformly around the dnift fence
(i e, random orientation). I analyzed onentation of newts into and away from the pond by sex
and life listory stage. I made comparisons between distinct migration events (JOHNSON, 2001)
within the adult and eft ife-history stages. For comparisons between sexes, hfe-history stages,
and migration events, I ran the same multi permutation dure (MRPP, MIELKE
& BERRY, 2001} used by Dobp & CADE (1998) Orientation analyses were performed with the
statistical software package BLOSSOM, which was developed by the US Geological Survey
(CADE & RICHARDS, 1999). BLOSSOM is avaifable free at www fort usgs.gov /products/
software/software.asp.

UPLAND MIGRATION

Migration distances of newts in the sandhill uplands around OSP were determined
through captures in pitfall traps associated with drift fences. Dnft fences were oriented to
capture newts during movements to and from the pond (fig. 3). In year one, five fence sections
were established at each of four distances from OSP (20 m, 40 m, 80 m and 160 m). Fence
sections at each distance totaled 20 %o of the circumference at that distance from the pond,
Fence sections were distributed evenly at each distance, and they did not overlap with fence
sections at the other distances (fig 3a). Fence sections at 20 m were 10.0 m long with 4 pitfulls
(2on cach side of the fence), at 40 m fence sections were 15.1 m with 6 patfalls; at 80 m sections
were 25 1 m with 8 pitfalls; at 160 m sections were 45 2 m with 10 pitfalls. Pitfall traps were
mstalled on both sides of the upland fences (1.e, pond side and upland side; fig 3a). This
upland fence array was monitored from 7 October 1996 to 5 December 1997, and fences were
constructed similarly to the fence at the pond.

Results from year one demonstrated that striped newts regularly moved more than
160 m Therefore, a new upland fence array was installed n year two, with upland drift fences
erected much farther away from OSP. On 5 December 1997, the upland drift fences described
above were replaced with a different array of fence sections (fig. 3b) and the new fences were
1 place by 7 December 1997, These fences were constructed of heavy-gauge silt-fence
material buried ca. 15 cm mto the ground - ca 40 cm extended above ground. Two fence
sections were 1nstalled at each of five distances (100 m, 200 m, 300 m, 400 m and 500 m) from
the pond Fence scctions at each distance totaled 13 4« of the circumference at that distance
from the pond, and fence scetions overlapped (fig 3b). The two fence sections at 100 m were
cach 42 m long with 6 pitfalls (3 on each side of the fence), installed evenly throughout cach
section, at 200 m sections were 84 m long with 10 pitfalls, at 300 m seetions were 126 m long
with 14 puifalls, at 400 m scctions were 168 m long with 18 prtfalls, at 500 m sections were
210 m long with 22 pitfalls. Pitfall traps were oriented 1n the same manncr as year one.
pond-side traps were on the side of the fences toward OSP and upland-side traps were away
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Fig 3 Upland doft fence arrays around One Shot Pond, Putnam Co., Florida, USA The upland
array design in year one of the study is depicted m A and the year two design 1s depicted tn B. One
Shot Pond 15 shown as a solid circle, and the circle around it represents the dnift fence at the pond.

from OSP (fig 3b) The upland fence array in year two was momtored until the study ended
on 11 September 1998.

In total, 280 pitfall traps were nstalled at upland fence sections and were momiored
during the 2-year study, for a total of 98,140 trap-nights (one trap-night means one pitfall trap
open for 24 hours) Upland traps were checked on the same schedule as those at the pond and
newts were processed as described above.

Based on captures at upland fence sections and at the outside of the dnft fence encirching
OSP, | estimated the proportion of the newt population that migrated different distances from
the pond. Data used in the estmates were confined to 7 December 1997 through 31 March
1998. During this period, there was a mass migration of newts toward the pond and very little
maovement away from the pond (JoHNSON, 2001) Ninety-one percent of upland fence captures
during year two occurred during this period These captures, however, only represented newts
that migrated through « subset of the surrounding uplands. Because upland dnft fences
sampled only 134« of the uplands at each distance, [ multiplied the number of captures in
the outside pitfalls by 7.5, The product of this calculation 1s an estmate of the number of
captures expected at each distance had the upland fence sections sampled 100 of the
uplands at each distance. For cach upland fence section, I divided the estimate by the number
of total newt captures on the outside of the fence at OSP to approximate the proportion of
mdviduals that had nugrated varous distances (1e., 100 m to 500 m, at 100 m miervals) T
assumed there was no strong nonrandom orientation of newts moving through the uplands
Nonetheless, movement of newts mto and away from the pond was nonrandom (see below),
but there was no overwhelmimgly strong directionality that would violate this assumption
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However, estimates of the proportion of newts that mugrated various distances from the pond
are probably conservative.

Tuse the term “mugration” to indicate seasonal, two-way movements of newts away from
and toward a breeding pond. “*[mmigration” indicates a general pattern of migration toward
the breeding pond, whereas “emigration” indicates migration away from the pond (SEMLITSCH
& RyaN, 1999). “Dispersal” refers to ““once-in-a-lifetime™ movement away from a pond and
infers that the dispersing individual will not return to 1ts natal pond.

RESULTS

ORIINTATION AT ONE SHOT POND

All patterns of adult i ion and were nonrandom (fig 4;
Rao’s spacing tests, all P < 0.001). Adult striped newts entered and exited the pond 1 all
directions. They tended to enter the pond basm primanly from the east and west (fig. 4).
Adults emigrated n all directions but there was a single, distinct angle of emigration, as
indicated by the relatively high number of captures m a pitfall trap located at a south-
southeast direction (fig 4) Emugration of paed phs and efts also was (fig 5;
Rao’s spacing tests. both P < 0.001). There was no obvious pattern to paedomorph emgra-
tion, but ermgrating efts exited the pond basin most often n the southwest quadrant (fig. 5)

Overall patterns of immugration differed significantly from enugration for females and
males (tab. 1) Although the directionality of immigrating adults appeared simifar between
the sexes (fig, 4), patterns were significanily different (MRPP test, £ = 0.002), There were three
distinet immugration events of adults, but orientation patterns were sigmificantly ditferent
between the sexes only during the third, and largest of these events (tab. 2). Dafferences n
enugration between males and females (fig 4) were not significant overall or when distinet
emigration events were compared (tab. 1-2).

There were two distinct emigration events of recently transformed striped newts com-
prising the 1996-97 cohort. The first emugration event took place from October through
November 1996, and the second event from April through June 1997 (Jounson, 2002).
Immature newts (1e, efts) comprised the first event, whereas enugration later consisted
mostly of recently transformed paedomorphs (JouNson, 2002) Patterns of emigration were
significantly different between the eft and paedomorph Ife-history stages of the same cohort
(tab. 1), [n addition to the eft enmgration of 1996, a second emigration event of efts took place
from June through early September 1998 (Juounson, 2002). Patterns of ¢ft captures at OSP
differed sigmficantly between these two emigration events and, considering all efts and all
adults, efts exited the pond basin m a different pattern from adults {tab. 1-2)

Data for 44 mdividually marked efts itially caught leaving the pond in the winter of
1996 and recaptured when they returned to breed in the wmter of 1997 mdrated that
mdiiduals tended to enter and exit the pond within the same quadrant Sixty-four percent of
these newts left and retarned to OSP 1 the same quadrant. and four indnaduals (9 ° ) were
caught leaving and returning to the pond at the same pawr ot pitfall traps. The vast majority of
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Fig 4 Orientation patterns of immigrat.ng and emigrating striped newt adults captared i prefall traps,
atadntt fenee encirelimg One Shot Pond, Putnam Co.. Florida, USA Orientauon was sign ficantly
diFerent from random for all four patterns. The length of the lines indicates the namber of newts
entermg and exiting the pond basin at each pitfall trap
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Fig 5 Oricntation patterns of em.grating striped new( pacdomorphs and efits captured tn piifall traps
ata dnit fence encirchng One Shot Pond, Putnam, Co., Florida, USA Onentation was significantly
different from random for both patterns. The length of (he hnes indicates the number of newts
exiting the pond basin at each pitfall trap.
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Table 1. Overall comparisons of directional orientation patterns for strped newts entering
(immigrating) and leaving (enugrating) One Shot Pond, Putnam Co , Florida, USA

Comparison n Standardized P
test statistic

Immigraung vs emigraung males 1159, 486 13317 <0001
Immigrating vs emigratng females 1489, 645 —3.798 0.008
Immigrating males vs, fomales 1159, 1489 -5524 0002
Emigrating males vs. females 486, 645 —0.437 02
Enmigrating efts vs. enngrating adults 5008, 1131 ~67639 <0.001
Emugrating efts vs. emigrating —9.506
paedomorphs of the same cohort 745,407 - <0001

Table 2. Comparnisons of directional orientation patterns for siniped newts entermg (:mmigrating) and
leaving (emigrating) One Shot Pond, Putnam Co., Florida, USA

Companson 0 Standardized P
test statistic

Immigrating males vs

smmigrating females N ° N
~ Immigration Event 1 23,13 0.697 0.7
— Immugration Event 2 22,66 —0.130 0.3
~ Immigration Event 3 1049, 1290 ~4.008 0.006

Emgrating males vs.

emigrating females " - °
— Emigration Event 2 15,68 {686 0.7
~ Emigration Event 3 430, 484 —0.005 0.3

Emigrating efts duning metamorphic

Event 1 vs. emigrating cits dunng 745, 4237 -3.59 0.01

metamotphic Event 3

mdnaduals {84 ) entered the pond basin within the same half they had exded from the
previous year.

MIGRATION INTO UPLANDS
1captured 831 newts in the upland dnift fences during year one (fig 3a, 1ab. 3). Pond -side
captures accounted for 73 v of total captures, and migration m year one consssted primarnly

of recently transtormed efts that were moving nto the uplands. I captured newts atall of the
upland fenee sections (fig 3a. tab. 3) and 1 most (914 ") of the pond-side pitfall traps
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Table 3 — Numbers of str.ped newts captured n pitfalt traps at dnft fence arrays in the sandhull uplands
surroundhng Onc Shot Pond, Putnam, Co., Florida, USA. Dnift fances were located at various
dstances from the pond. See fig. 3 for a depiction of the arrays.

Year | Year2
. 20 m 40m 80m | 160m | 100m | 200m | 300m | 400m | 500m
Pond-side 140 126 169 172 11 6 10 12 7
Upland-side| 79 39 64 42 121 108 86 86 48
Total 219 165 233 214 132 114 96 98 55

During each period of migration most newts were captured on the same sides of upland dnft
fences. However, for some movement events, a few newts were captured in pitfalls on the
opposite side of fences from the majority of captures. I believe this is because there was a small
degree of wandenng by some newts in the uplands as they moved to or from OSP Pond-side
captures at upland fences in year one represented three distinet periods of newt nigration, two
emigration events and one immigration event (tab 4) Most newts captured on the pond-side
of upland fences in year one (76 ' of pond-side captures) were caught during the first
emigration event (1.e., E1), which occurred from October 1996 through February 1997 (1ab. 4).
Emgration during thus period isted almost of efts that had recently
transformed. I captured far fewer newis (15 * « of pond-side captures) during enmgration event
two (E2), which occurred from Aprd through July of 1997 (tab. 4). This emigration event was
comprsed of recently transformed paedomorphic newts (54 ©o of the migrating newts), as
well as recently transformed efts and scveral adults that likely had finished breeding and were
moving back mto the uplands. The third period of migration, indicated by pond-side fence
captures in year one, was the result of an immigration event {1 e, 13) that began 1n October
1997 (tab. 4) There was a major breedmg nugration of adults 1o the pond that began in
October 1997 and pond-side captures at this time probably resulted from adults that were
moving toward the pond but happened to be captured on the pond side of the upland drift
fences (tab. 4)

Upland-side captures of striped newts accounted for 27 °4 of captures in year one |
captured newts at each of the five fence sections (fig 3a), at each distance from OSP (1ab. 3}
and i most (81.4 o) of the pitfall traps on the upland side of the fences m year one.
Upland side captures oceurred duning three distinet pertods of nugration, all of which were
nnnugration events. These nugration events (11, 12 and 13, tab. 4) occurred during the same
time penods as described above for pond-side captures (tab 4) Immigration event [3
accounted for the largest proportion (54 1) of upland-side captures m year one, foliowed by
cvent H (29 °o} and 12 (17 “ ). All of these migration events conststed of adult newis moving
toward OSP to breed (tab. 4).

Teaptured 495 newts i the upland dnift fences durmg year two (fig 3b. tab 3) Incontrast
toyear one, migration conssted primardy of inmigrating aduits. Pond-side captures accoun-
ted foronly 9 v of total captures. I captured newts at each of the two fence sections (fig. 3b)
and ut each distance from OSP (tab. 3}, but captures were vecorded 1 less than half of the
pitfall traps (42 8wy on the pond-side of the upland lences in year two. Pond-side captures at
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Tabwe 4 Captures of striped newts m upland fences asound One Shot Pond. Putnam Co , Flonda, USA, duning distinct peniods of movement *: fence

arrays modified in early December 97

Predomnant Number
Feneeside | Migration dircetion of Time period of event of newts Description
of captures event newt movement captured
Year 1
Pond-sie El Away from pond | Ociober 96 through February 97 461 Emigrating efts
Pond-side E2 Away from pond Apnl 97 throLgh July 97 91 Primarily emigrating paedomorphs and efts
Pond side 3 Towardpond | October 97 through Decernber 97* 55 Immigrating adults
Upland-s.de 1 Towatd pond Qctober 96 through January 97 65 Immigrating adulis, some em.gratng efts
Upland-s.de 2 Toward pond April 97 through July 97 6 Immigraung adults
Upland-s de JE] Towardpond | November 97 through December 97% 123 Immigrat.ng adults
Year2
Pond-side B Toward pond Decembver 97* through March 98 16 Immigranng adults
Pond-side E3 Away from pond June 98 through September 98 25 Emigrating cfts
Upland side n Toward pond December 97* througn March 98 449 Immgraung adults

NOSNHO[

&

Source . MNHN, Paris



16 ALYTES 21(1-2)

upland fences 1n year two represented two distinct periods of newt migration, one immigra-
tion event (1.¢., 13) and one emigration event (Le., E3). I captured few newts during both of
these events; 16 during I3 and 25 newts during E3 (tab. 4). Captures during migration event I3
were adults that were moving to the pond to breed but were captured 1n pond-side traps as
they wandered toward the pond. Captures during E3 were recently transformed newts that
were leaving OSP.

In year two, I captured far more newts (91 % of total upland captures) on the upland-side
of drift fences than on the pond-side (tab. 3). Tcaptured newts at all sections of dnift fence and
1 almost all of the upland-side pitfalls (88.6 %). Captures occurred during a single immugra-
tion event (I3 tab. 4) and were exclusively of adults that were immugrating to OSP to breed.
The number of captures declined as the distance from the pond increased (tab. 3). Based on
estimated values, at least 360 newts (16 o of the breeding migration) migrated more than 500
m from OSP (fig. 6) I esumated that 645 newts (29 % of the breeding migration) migrated at
least 400 m The estumate was the same for 300 m (645 newts), [ estimated that 810 (36 % of the
breeding migration) and 908 (41 % of the breeding migration) of newts migrated from the
pond at least 200 and 100 m, respectively (fig. 6). Based on these estimates, 1t appears that
roughly 60 %. of the striped newts emigrated less than 100 m However, as indicated by
captures at the 500 m fences, a substantial percentage of individuals comprising the 1997-98
breeding migration immugrated to OSP from farther than 500 m In fact one newt that was
marked leaving OSP as an eft on 18 November 1996 was recaptured on 4 February 1998 as it
colonized Fox Pond, a dispersal distance of approximately 685 m.

Discussion

ORIENTATION

The distribution of habitats surrounding a breeding pond should influence patterns of
mmgration revealed by captures of salamanders at the pond. Habutat preferences among
spectes and/or differential survivorship in various habitat ty pes nught be apparent as individ-
uals arrive at the breeding pond. For example, imagine an amphubian breeding-pond m which
one half of the uplands surrounding the pond were pine plantation (1 e, marginal habutat)
whercus the other half remained native uplands (1e.. preferred habitat) The pattern of
captures at the pond would be expected to reflect the distnibution of upland habitats. One
might predict significantly fewer captures along the half of the pond adjacent to the pine
plantation as compared to the native upland half This ts because pond-breeding salamanders
have the ability to select appropriate upland habitats and accurately navigate through uplands
during mugration, often uvsing specific habitat types (Smoop, 1968, HuRLBERT, 1969;
SeMLITSCH, 1981, STENHOUSE, 1985; MADISON, 1997 MADISON & FARRAND, 1998, Dt May-
NADIER & HUNITR, 1999, MAI MGREN, 2002, ROTHERMEL & SEMLITSCH, 2002)

In this study, although newts entered and exited the pond basmn from all directions,
nugration was nonrandom Some directions were preferred over others. but there were no
obvious upland habitat features that could explain the newts’ onentation behavier. However,
1 did not measure habitat variables in the uplands and individuals could have used micro-
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Fig 6 Estimated numbers of striped newt captures in pitfull traps at doift fences m the sandull uplands
around One Shot Pond, Putnam Co., Florida, USA. Dnft fences were located at 100 m mtervals up
to 500 m from the pond The zero point represents captures at a drift fence encircling the pond. See
Materrals and methods for an explanation of how the estimated numbers were calculated,

topographic features as cues 1o navigate toward the pond. In a sumular study, Doop & Cavk
(1998) concluded that movements of striped newts and narrowmouth toads were a reflection
of the distribution of favorable upland habitats around the pond. Although the uplands at
OSP were primanly sandhill habitat, a small plantation of slash pine (with ntact groundco-
ver} was well within the dispersal capabilities of nugrating newts (fig. 2) In year one I often
caught newts at a section of drift fence in the pme plantation Newts could have resided within
the plantation or have traveled through ut en route to native sandhill. Nevertheless, thus
plantation represented only a small portion of the uplands and had no detectable effect on
striped newt movements.

Although upland-habitat and mic | features [ did not
measure could have mfluenced the nonrandom pattern of immugration observed at OSP. if
measured over several scasons, orientation may in fact be random. It is possible that striped
newts are roughly evenly distributed in the uplands around OSP but that only  portion of the
population muigrates to the pond during any particular breeding event If the portion of
individuals moving was not indicative of the whole population. then what truly should be
random onentation would appear as nonrandom because data were collected for a relatively
short time.

Patterns of newt erigration were also nonrandomn, and newts exited the pond basin m afl
directions. Efis emugrated predominantly m the southwest quadrant of the pond The slope of
the pond basin was shallowest i th.s quadrant, and water depth during metamorphic events
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could have influenced the behavior of recently transformed efts as they left the pond. On the
other hand, adults emigrated most often n the south-southeast portion of the basin.
Dufferences in aquatic habitat preference (e g.. depth) between adult and immature newts
might explain the varying enmgration patterns, although habitat preferences of both life
history stages are unknown.

UPLAND MIGRATION

Using upland drift fence arrays in year two, I was able to estimate the percentage of the
striped newt breeding population that migrated different distances (in increments of 100 m)
from the pond Captures at dnft fences in the sandhill uplands surrounding OSP indicated
that many striped newts (16 %) migrated more than 500 m from the pond. This 15 a
conscrvative estimate because newts captured 1 traps closer to the pond may have migrated
further than indicated by the traps Captures at the dnft fence surrounding the pond and at
upland dnift fences at the end of year one showed that a breeding migration of newts into OSP
had begun before the nstallation of fences for year two (JOTINsoN, 2001, 2002). Although the
proportion of indivduals caught at the pond before the new upland fence arrays were
established was small (7 % of the total), some newts alrcady had moved toward the pond
before the upland arrays were in place. Moreover, immugrating adults did not arrive at the
pond n a random fashion during this breeding nugration. The upland fence arrays in year two
were located north and southeast of OSP and newts were caught at the pond with lowest
frequency toward the north Therefore, the proportion of the breeding population caught at
each distance from the pond in year two 1s likely an underestimate of the actual proportion
that migrated to that particular distance.

Many pond-breeding amphibians have complex life-cycles and spend much of their adult
Tives 1n terrestrial habitats away from breeding sites. Distances that indinviduals disperse or
mgrate from breeding ponds have been reported for some species (Dopp, 1996; SeMLITSCH,
1998 and references therein) It is clear that indmduals disperse and muigrate hundreds of
meters from breeding sites into upland habitats, some even thousands of meters. With few
exceptions, however, distance valucs usually have been ps for less than 10 mdividual
per species. The results from my study appear to be the first estimates of migration distances
for a breedimg population of North American amphibians based on a substantial sample size.

CONSFRVATION IMPLICATIONS

Central to a successful amphibian conservation strategy 15 the protection of sufficient
breeding and nonbreeding habitat (1.e , the pond and appropriate “core habitat™ SEMLITSCH
& Jinsin, 2001) Studies of amphibtan migration and dispersal can provide the scientific basis
for determining directional and distance components that can be used to establish protected
areds around breeding ponds. BROWN et al {1990) used spatial requurements {1 ¢.. distance
moved from a wetland), among other data, to recommend width of “bufler zones" for wildlife
protection at wetlands in Florida. Nevertheless, lack of data for amphibians forced them to
use rough estimates for most of the species considered Further utility of movement distance
datd can be found in regulations to protect the flatwoods salamander (Ambystoma cingula-
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nam) which, as a result of severe population decline (MeANS et al., 1996), was federally listed
as threatened 1n the USA (ANoNywous, 1999). The US Fish and Wildhfe Service restricts
speaific silvicultural practices within 450 m of flatwoods salamander ponds. Additionally,
only selective timber harvest at speafic times 1s allowed within a primary radius of 164 m
around breeding ponds (ANoNyMoUS, 1999} The width of the pnmary zone (164 m) was
dertved from a review of migration di: for pond-breed ders of the genus
Amb) stoma (SEMLITSCH, 1998), despite the fact lhal no data for A nngulatum were presented.
This example underscores the need to determine migration and dispersal distances for all
pond-breeding amphibians. SemLITSCH (1998) acknowledged that the extent of protected
upland recommended for Ambystoma species may apply to some species of pond-breeding
amphibians, but certainly not all My data show that recommcndducns for protecting
terrestrial habitat for amt are for Imus perstria-
tus. Therefore, 1t is not defensible to extrapolate data across taxa. Clearly, a 164 m protected
zone would not protect all of the striped newts breeding at OSP. Based on extrapolation of
mugration distances revealed by upland dnft fences, a protected area of “core habitat”
extending ca. 1000 m from OSP would likely be needed to encompass almost all of the newts
that breed there.

Although they have great value as wildlife habitat, small, 1solated wetlands in the United
States are afforded hittle protection from development, Overall, more than 50 "/ of wetlands
have been destroyed by development in the United States (DAHL, 1990}, and much of this loss
has been small wetlands. In Flonda,  state with an extremely large number and diversity of
wetlands, isolated wetlands less than 0 2 ha recerve no protection from development. This size
threshold was adopted by the state’s water management districts “based on a consensus of
scientific and regulatory opinion rather than on biological and hydrological evidence™ (HART
& NewMaN, 1995). Small wetlands are just as vulnerable at the national level as they are n
Florida

There is strong evidence that protection of core areas of terrestnial habitat surrounding
breeding sites (s cructal for of populations and species. Data from OSP
demonstrate that small, 1solated wetlands can support breeding populations of salamanders
that migrate hundreds of meters into the surrounding uplands. Similar studies at other ponds
and 1n different upland types are necessary because data on upland habitat requirements
(quality and guantity) of most amphibian species are lacking. Without this information,
designating terrestrial “core habitat™ to conserve aquatic-breeding amphibrans will largely
remain guesswork, with generalizations made from data on relatively few individuals of a few
species. However, unless more protection is afforded to small, isolated wetlands, arguments to
preserve uplands surrounding the wetlands are irrelevant.
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